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Methods 
These first-principles calculations were performed within density functional theory and generalized gradient 
approximation (GGA)[1] using the VASP package[2,3]. A plane wave energy cut-off of 450 eV and Γ-centered 6 × 6 × 1 k-point mesh are used for Brillouin zone integrations. The energy and force convergence criterion for 
structural relaxations are 1 × 10&'eV and 5	meV/Å. The projector augmented wave (PAW) potentials[4] 
explicitly include 12 valence electrons for Zn (3d104s2), 12 for Cd (4d105s2), 6 for S (3s23p4), 6 for Se (4s24p4), 
and 6 for Te (5s25p4). The VESTA software[5] is used to visualize crystal structures and calculating the 
Madelung energy. The GSF energy is calculated with the slab model in which in which parts of atomic layers 
were rigidly translated by a displacement towards a specific direction on a particular lattice plane. The slab 
model cannot be separated by vacuum layers, due to the polar character of the {1 1 1} plane for ZnS-like ionic 
crystals. Therefore, the constructed supercell for the slab model should meet the periodic boundary condition. 
Since the atomic configuration for {111}〈1123〉 and {111}〈1130〉 slip does not have a mirror symmetry, the slab 
model with two stacking fault planes in the supercells fails to keep the periodic boundary condition. As a result, 
the supercell has to consist of three slabs containing three stacking fault planes, and three slabs are relatively 
displaced by a same amount towards three different but symmetry-equivalent 〈1123〉 or 〈1130〉	directions[6]. The 
cell parameters and atoms were only allowed to relax normal to the slip planes. In order to obtain the GSF 
energy under light-irradiation, the electronic occupation numbers are fixed to the particular excited 
configurations to perform the geometry optimization. The hole occupation matrix is obtained through removing 
electron from the neutral system. In the same way, the occupation matrix for excited electron is gotten by 
adding electron to the neutral system. The Madelung energy of ionic crystals is usually computed by a sum of 
pair coulombic terms E6 = ∑ 𝑍:𝑍; 4𝜋𝜀?𝜀@⁄:; 𝑟:;, where 𝑍: and 𝑍; are the valences of the ith and jth ion, r:; is 
distance between ions i and j,	ϵ? is the vacuum permittivity, and ϵ@ is the relative permittivity of a specific 
material. To obtain the Madelung energy at excited state, we modified the valence Z at slip planes, according to 
the concentration of excited electron-hole pairs. 
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FIG. S1. GSF energy surface of ZnS crystal. GSF energy curves of ZnS for both path I and path II as a function 
of the displacement along 〈1123〉 direction at (a) 0hF0e&, (b) 1hF1e&, and (c) 2hF2e& states.  
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FIG. S2. Charge features in ZnS crystal. The partial charge densities for VBM and CBM orbitals of USF 
structures along both of path I and path II. The dark yellow and light green isosurfaces mean the acceptor and 
donor states mainly located at Zn cations and S anions, respectively. The acceptor states of the USF structures 
along path II are not situated at the Zn cations in the slip planes, due to its high energy level of the unoccupied 
orbitals. 
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FIG. S3. Charge transfer process in ZnS under electronic excitations. (a) Side and (b) top views of the charge 
density difference between the ground state and one electron-hole excited state for UST structure of path I. (c) 
The planar average charge density difference between ground state and one electron-hole excited state for UST 
structure along 〈111〉 direction.  
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TABLE SI. Computed unstable-stacking energy γHI, unstable-twinning energy γHJ, approximate twinnability 𝜏, 
dielectric constant ɛ@, DFT calculated and experimental (in bracket) bandgap for sphalerite ionic crystals. 
(	γHI,	γHJ and τ correspond to the parameters of path I.) 
 
Mat. γ 𝛄𝐮𝐬   𝛄𝐮𝐭   𝝉  ɛ𝒓 Bandgap 
m J/m2   mJ/m2   ─  ─ (eV) 
0h0e 1h1e 2h2e 0h0e 1h1e 2h2e 0h0e 1h1e 2h2e Bulk Bulk 
ZnS 848 651 446 1250 862 587 0.824 0.869 0.872 6.20 2.01(3.52)[7] 
ZnSe 743 543 410 1073 765 575 0.832 0.842 0.844 8.54 1.11(2.70)[8] 
ZnTe 659 431 246 929 636 483 0.842 0.823 0.714 10.73 1.09(2.40)[9] 
CdTe 432 321 246 661 493 370 0.808 0.807 0.815 13.38 0.56(1.61)[10] 
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FIG. S4. Bonding features in sphalerite crystals. Electron localization function maps on {111} plane for (a) 
ZnSe, (b) ZnTe and (c) CdTe. 
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FIG. S5. GSF energy surface of sphalerite ionic crystals. GSF energy curves for both path I and path II 
associated with the displacement along 〈1123〉 direction for (a) ZnSe, (b) ZnTe, and (c) CdTe at ground states. 
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FIG. S6. The response of electrostatic energy to the dislocation displacement in sphalerite ionic crystals. The 
variation of Madelung energy with the displacement along 〈1123〉 direction in ZnS, ZnSe, ZnTe, and CdTe. The 
surrounding ionic environment of zinc cation at the glide plane is sketched along the slip path.  
 
Fig. S6 shows the shape of Madelung energy curve which quite similar to the γ-surface, indicating that the 
Madelung energy plays the determinant role to the γ-surface in these sphalerite ionic crystals. The magnitude of 
Madelung energy in these sphalerite compounds is in the sequence of ZnS > ZnSe > ZnTe > CdTe, showing an 
opposite tendency to their dielectric constants. The surrounding ionic environment for Zn cations at the slip 
plane is also shown in Fig. S6 where the local structures I, II and III correspond to the perfect lattice, USF, and 
UST, respectively. In the non-slipped structure, each Zn cation is located at the center of a tetrahedron formed 
by S anions. The centers of positive and negative charge coincide, leading to the minimal electrostatic energy. 
For Zn cations in the USF structure, one of the surrounding S anions is moved away; creating dangling bonds 
that are energy unfavorable because of increased electrostatic energy. Moreover, the same ion species between 
adjacent layers are completely opposite between adjacent layers in the UST structure; this induces large 
repulsive forces resulting in a maximum electrostatic energy.  
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